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SPECIFICATION 

[TITLE OF THE INVENTION] ALL-PURPOSE MAGNETIC APPARATUS FOR 
MEDICAL USE 
[ABSTRACT] 

[Object] Medical equipment that employs magnetism is adapted 
to achieve a reduction in size, an increase in efficiency, a 
reduction in power consumption, and a reduction in leakage flux, 
and is adapted to be usable at an actual medical site while 
being used together with conventional medical instruments. 
[Solution Means] A medical practice is performed such that at 
least one air-core or iron-core coil is disposed on a plane 
or on a curved surface; a patient is placed in an area created 



by causing the coil to face another coil; the strength, the 
phase, and the frequency of an electric current flowing through 
each coil are controlled; an instrument that reacts to a 
magnetic force in the interior of the patient's body is 
controlled. In this apparatus, the iron core of the iron- 
core coil and the iron core of another coil are connected 
together on the opposite side of the patient, and leakage flux 
is diminished so as to be more easily used together with other 
medical instruments. 
[WHAT IS CLAIMED IS;] 

[Claim 1] An apparatus for performing inducement, diagnosis, 
and treatment each of which employs a magnetic force in the 
interior of a body, the apparatus in which at least one coil 
is disposed on a plane or on a curved surface, the coil being 
caused to face another Coil or being individually used is 
disposed in the vicinity of a patient, and a magnetic field 
is generated in the interior of the body of the patient. 
[Claim 2] An apparatus for performing inducement, diagnosis, 
and treatment each of which employs a magnetic force in the 
interior of a body of a patient, the apparatus in which a 
plurality of iron-core coils are disposed around the patient, 
leakage flux that leaks to a surrounding area is greatly reduced 
by connection with an iron core of another iron-core coil on 



2 



an opposite side of a place where a magnetic field targeted 
by the iron-core coils is generated, and the magnetic field 
is generated in the interior of the body of the patient. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] This invention is an apparatus for 
medical use for performing a medical site, such as diagnosis 
or treatment, in which at least one coil is disposed around 
a patient, and an instrument that reacts to a magnetic force 
and that has been inserted into the interior of a body is induced, 
and energy is given by generating and controlling a magnetic 
field in the interior of the patient's body. 

[0002] 

[Prior Arts] In order to pull a medical instrument to which 
a magnet is attached in the body, an effective magnetic force 
cannot be easily generated by merely applying a magnet onto 
the surface of the body, and, even if a sufficient magnetic 
force can be given, it is next to impossible to induce it while 
stopping it at a free place in the tube cavity of the body from 
the principle that a magnetic field is inversely proportional 
to the cube of the distance, and it has not become possible 
to put it to practical use at a medical site. In order to 
generate a parallel magnetic field by which an instrument can 
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be easily induced, there has been a need to arrange large- 
sized air-core coils in parallel crosses and place a patient 
inside them. However, since the entire device becomes huge, 
there occurs interference with a fluoroscopic apparatus or CT 
that is needed to ascertain the position of the instrument in 
the body, and, since the coil blocks X rays, the position of 
the instrument in the body cannot be ascertained, and electric 
power to generate an effective magnetic field is also large, 
and leakage flux to a surrounding area is also large, and hence 
an influence is exerted upon instruments disposed therearound, 
and it has been very difficult to put it into safe practical 
use. Additionally, since the apparatus does not have 
general-purpose properties even when an aid from a magnetic 
apparatus is needed or its application is considered to promote 
manipulation during the performance of a normal medical 
practice, it has been difficult to make simple, temporary 
application that answers the requirements of an examination 
room, examination manipulation, a patient, a certain period 
of time for an examination, etc. For these reasons, it has 
been impossible up to the present time to actually employ it 
in the medical site of the magnetic apparatus. 
[0003] 

[Means for Solving Problems] Medical equipment that employs 



magnetism is adapted to be usable or to be easily used together 
with conventional medical instruments, and effective 
utilization, which includes advanced inducement, of magnetism 
is carried out. Additionally, in accordance with a target, 
the apparatus is adapted to achieve a reduction in size, an 
increase in efficiency, a reduction in power consumption, and 
a reduction in leakage flux, and the medical apparatus is 
adapted to be practically usable by improving general-purpose 
properties in an actual medical practice. 
[0004] 

[Means for Solving the Problems] At least one air-core or 
iron-core coil is disposed outside the body of a patient while 
maintaining an interval between the coil and another coil so 
as to satisfy a target, and a magnetic field having a strength, 
a direction, and an operation according to the target is 
generated in the interior of the patient's body by controlling 
the strength, the phase, and the frequency of an electric 
current flowing through each coil, thus performing the 
inducement of a magnetism-reactive instrument inserted in the 
body, diagnosis, and treatment. 

(1) At least one coil is disposed on a plane or on a curved 
surface, the coil is caused to face another coil or is 
individually used, and a magnetic field is generated in the 
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interior of the body of the patient placed therein. 
(2) Leakage flux that leaks to a surrounding area is reduced 
by connection with an iron core of .another iron-core coil on 
the opposite side of a place where a magnetic field targeted 
by the iron-core coils is generated. A medical practice is 
performed by singly or combinedly using the apparatus having 
the aforementioned basic coil arrangement and the structure 
through an instrument reactive to magnetism in the interior 
of the patient's body. 
[0005] 

[Embodiments of the Invention] As shown in Figs. 1 and 2, a 
basic instrument (ring A) in which four coils (1-1, 2-1) in 
a single plane are arranged on a fixing ring (1-2, 2-2) and 
its center has a cavity is caused to face another basic 
instrument having the same structure, and a patient is placed 
therein through the holes of the two rings A. An electric 
current flowing through the coil, voltage, polarity, frequency, 
and waveforms are controlled while adjusting a combination, 
an interval, and an angle between the coils so as to create 
a magnetic field in the interior of the patient's body, and 
an instrument inserted in the body is induced, thus performing 
a medical practice, such as diagnosis or treatment. 
Interference with a CT device or with a fluoroscopic apparatus 
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is prevented by creating an interval between the rings A. The 
number of the coils in the ring A can be determined to satisfy 
a target, and coils to be used can be selected from among- the 
coils. For example, if only the opposing two of the four coils 
shown in Figs. 1 and 2 are used as coils, and the remains are 
used as a pair of fluoroscopic apparatuses, the inducement by 
a magnetic force can be easily ascertained and operated through 
the fluoroscopic apparatuses, and an apparatus shaped like this 
can be constructed by extending an arm of a C-arm fluoroscopic 
apparatus and by mounting coils thereon, and hence its spread 
is easily achieved. It is also possible to dispose it on a 
curved surface, if necessary, without being limited to the 
plane. If a large number of coils are provided, more advanced 
control can be taken, and, on the contrary, if simple control 
is required, the control can be achieved by only one coil. 
Additionally, it is also possible to perform simple control 
by independently using one ring A, and more advanced control 
is performed by adding the ring A so as to use three or more 
rings A or by adding a single or a plurality of auxiliary coils 
suitable for a target. Even if the shape of a ring or of a 
frame like the ring A is not assumed, a plurality of coils or 
a single coil is disposed around the patient by use of, for 
example, an adjustable arm, and a combination, an interval, 
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and an angle between the coils are adjusted, and thereby an 
electric current flowing therethrough, voltage, polarity, 
frequency, and waveforms are controlled, and an instrument 
inserted in the body is induced by creating a magnetic field 
in the patient's body, thus performing a medical practice such 
as diagnosis or treatment. Interference with a CT device or 
a fluoroscopic apparatus is prevented by taking a sufficient 
interval. If an iron-core coil is formed by incorporation of 
a magnetic substance with the coil, the strength of the magnetic 
field is made 5 to 10 times as great, and an increase in 
efficiency and a reduction in power consumption can be achieved. 
Additionally, in an apparatus shown in Figs. 3 and 4 in which 
the outsides of the iron cores of a plurality of coils are 
connected by magnetic substances, the iron cores are connected 
outside a place where the patient undergoes a medical practice, 
and therefore leakage flux that leaks to a surrounding area 
can be greatly reduced, and, as a result, the leakage flux is 
reduced to about 1/100 even if the entire apparatus and the 
entire room are not subjected to magnetic shielding. If a 
magnetic shield is added, the leakage flux will be reduced to 
1/1000-1/10000, and can be reduced to* a geomagnetic level*."" 
Controllability and magnetic field strength are improved by 
selecting a combination of connected iron-core coils in 



accordance with the kind of and the target of a medical practice . 
A coil couple is created by connecting coils facing each other 
together by a magnetic substance as shown in, for example, Figs. 
5 and 6, and the number of coil couples is increased, and 
therefore a space for the patient is sufficiently secured by 
individually controlling the coil couples, and high magnetic 
field strength, controllability, and operability can be 
improved. A sufficient space is secured around the patient 
by shaping the iron core of the iron-core coil like a C ring 
as shown in Figs. 7 and 8, by directing its magnetic pole toward 
the patient, and by disposing at least one coil around the 
patient while being used together with an apparatus, such as 
a fluoroscopic apparatus, and therefore a medical practice can 
be performed without being hindered by the existence of the 
iron-core coil. Additionally, a strong magnetic field can be 
generated in the direction of the body axis of the patient, 
and leakage flux can be reduced, and normal medical instruments 
can be used by applying magnetic shielding. If the patient 
is placed by independently using a C type arm, a magnetic field 
in a uniaxial direction can be generated, and a three- 
dimensional magnetic field can be generated by controlling the 
C type magnet ic^m alioTby adjusting the angle and position 
of the C type magnetic arm. In a portable magnetic-field 
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generator shown in Figs. 9 and 10 "in which a C-ring-shaped 
iron-core coil is attached to a supporting device so as to be 
able to rotate, move up and down, and expand and contract, since 
it has a simple structure, a medical practice that freely uses 
a magnetic apparatus can be performed in accordance with an 
existing medical instrument, a patient's state, the kind of 
medical manipulation, and timing. Additionally, if magnetic 
shielding is applied, the leakage flux can be reduced to a 
geomagnetic level, and the magnetic apparatus is widely 
applicable in the field of medical services. If an extendable 
structure that uses iron-core coils as shown in Figs. 11 and 
12 is formed by fixing its iron core with a fixing screw when 
necessary so that a yoke can freely move, expand, and contract 
in the coil, general-purpose properties with respect to an 
instrument used together, a patient, a target, etc., can be 
improved while controlling the strength of and the range of 
a magnetic field that is generated in the patient' body. 
Additionally, if an extendable mechanism is formed so that a 
yoke that generates a magnetic force is contained in another 
cylindrical magnetic substance as shown in FigsT 13 and 14, 
the leakage flux that leaks to a surrounding area is more 
greatly reduced, and the leakage flux can be even more greatly 
reduced by reducing interference with peripheral machines or 
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with medical personnel. Additionally, if an arm type 
structure that supports the coil by a hinge structure is formed 
as shown in Fig. 15, the distance and the position with respect 
to the patient can be adjusted with a large degree of freedom, 
and a desired coil can be disposed as an adjustable arm at a 
desired position around the patient. The magnetic force of 
a magnetic-field generator shown in Fig. 16 that uses a 
ring-shaped iron-core coil is calculated as follows. Herein, 
let it be supposed that an N-turn exciting winding is attached 
to a C type magnetic yoke and is excited by electric current 
i. The magnetic path length of the C type yoke is designated 
as L 2 , the length of an air gap where a magnetic field is 
generated is designated as L lf the sectional area of the yoke 
is designated as S a , the sectional area of the air gap is 
designated as S 2 , and the relative permeability of the yoke 
is designated as p. In an idea of a magnetic circuit, since 
the relTtionship"amon'g*magnetomotive force Vm, magnetic flux 
<p, and magnetic reluctance Rm is expressed as 
Vm=cp-Rm (1), 

magnetic flux <p to be generated can be calculated from 
magnetomotive force Vm and magnetic reluctance Rm. Since 
electric current i is passed through the N-turn winding, the 
magnetomotive force is Vm=Ni, and the magnetic reluctance is 



li 



divided into a yoke part and an air gap part and is calculated 
as follows. Herein, u 0 is vacuum permeability. 
RmK^/fUo-u-SiJ+Ljj/fUo-Sz) (2) 

Therefrom, magnetic flux 9 generated in the yoke and in the 
air gap part can be calculated as 
<p=Vm/Rm=Ni/Rm (3) 

Therefore, since magnetic field H generated in the air gap part 
is 

H=(p/(p 0 -S 2 ) (4), 

the following calculation can be made by substituting equations 
(2) and (3) for (p. 

Ni 1 
H= x 

If the length L x of the C type yoke is set at 5m, and the length 
L 2 of the air gap part (magnetic-field generation part) is set 
at 30cm in practice, the diameter of the C type yoke is about 
1.6m on the supposition that the C type yoke is shaped like 
a circular arc. The sectional area of the yoke is set to be 
50cm x 50cm (0.25m 2 ) . When a 1200-turn coil is wound thereon 
and an electric current of 100A is passed therethrough, a 
magnetic field to be generated is about 40kA/m (= about 5kOe) . 
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A magnetic torque that this magnetic field generates in a 
prismatic rare earth permanent magnet of lmmXlmmX3mm that can 
be mounted on a small-diameter guide wire becomes equal to about 
12g«cm. In a prismatic rare earth permanent magnet of 
2 . 5mm*2 . 5mmx 10mm that can be mounted on a large-diameter guide 
wire, about 20 times as large magnetic torque as the 
aforementioned one is generated, and it is possible to generate 
a magnetic torque sufficient for a medical operation. 



Calculation condition 




Calculation result 


Magnetic-field 
calculation 


Sign 










Magnetic path 
length of yoke (m) 




5 








Air gap length (m) 




0.3 




Magnetic 
field (A/m) 


367614. 
3141 


Relative 
permeability of 
yoke 


u 


1000 




Magnetic 
field (Oe) 


4994 .03 
5785 


Sectional area of 
yoke (m 2 ) 




0.25 








Sectional area of 
air gap (m 2 ) 


s 2 


0.09 








Number of turns 


N 


1200 








Electric current 
(A) 


i 


100 




Magnetic 
torque (Nm) 


0.00119 
2843 


Vacuum 

permeability 

(H/m) 




0.00000 
1256 




Magnetic 
torque 
( kgcm) 


0.01192 
8429 










Magnetic 

torque 

(gem) 


11.9284 
2942 


Residual 




1 
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magnetization of 
magnet (T) 












Volume of magnet 
(m 3 ) 




0.00000 
0003 









1^: Length of air gap where magnetic field is generated 
L 2 : Magnetic path length of C type yoke 

Sectional area of yoke 
S 2 : Sectional area of air gap 
u: Relative permeability of yoke 
i: Electric current 
[0006] 

[Effects of the Invention] The apparatus of the invention can 
be used together with conventional CTs and fluoroscopic 
apparatuses, and is only slightly affected by the size of a 
patient's body, medical manipulation, and necessary 
instruments. The strength of and the generated range of a 
magnetic field can be freely determined, and the influence of 
the magnetic force on a surrounding area can be remarkably 
reduced to a geomagnetic level, and therefore the degree of 
freedom in use, in installation, and in adjustment can be 
remarkably increased. Medical equipment that employs 
magnetism can be easily used also in conventional medical 
manipulation, if necessary. Additionally, an increase in 
efficiency and a reduction in power consumption can be achieved, 
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and very high magnetic field strength can also be generated. 
Through these facts, it becomes possible to have the practical 
application of the magnetic apparatus including the magnetic 
driving in the field of medical services that has been 
impossible until now, and new medical manipulation is developed, 
and, in addition, highly advantageous, medical manipulation 
that has been difficult until now can be performed with greater 
ease, with higher accuracy, with higher effect, and with 
safety. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] Front view of the ring A in which four coils in a single 
plane are arranged on the fixing ring. 

[Fig. 2] Side view of the ring A in which four coils in a single 
plane are arranged on the fixing ring. 

[Fig. 3] Front view of the apparatus in which the outsides of 
the iron cores of a plurality of coils are connected by a 
magnetic substance. 

[Fig. 4] Side view of the apparatus in which the outsides of 
the iron cores of a plurality of coils are connected by a 
magnetic substance. 

[Fig. 5] Side view of the apparatus in which iron-core coils 
facing each other are connected. 

[Fig. 6] Front view of the apparatus in which iron-core coils 
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facing each other are connected. 

[Fig. 7] Front view of the apparatus in which the iron core 
of the iron-core coil is shaped like a C ring and its magnetic 
pole is directed to the patient. 

[Fig. 8] Side view of the apparatus in which the iron core of 
the iron-core coil is shaped like a C ring and its magnetic 
pole is directed to the patient. 

[Fig. 9] Side view of the portable magnetic field generator 
in which a C-ring-shaped iron-core coil is attached to a 
supporting device. 

[Fig. 10] Front view of the portable magnetic field generator 
in which a C-ring-shaped iron-core coil is attached to a 
supporting device. 

[Fig. 11] Sectional view of the extendable mechanism in which 
a yoke in the coil is fixed by a fixing screw so as to be able 
to move, expand, and contract. 

[Fig. 12] Front view of the extendable mechanism in which a 
yoke in the coil is fixed by a fixing screw so as to be able 
to move, expand, and contract. 

[Fig. 13] Sectional view of the extendable mechanism in which 
the yoke that generates a magnetic force is contained by another 
cylindrical magnetic substance. 

[Fig. 14] Front view of the extendable mechanism in which the 
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yoke that generates a magnetic force is contained by another 
cylindrical magnetic substance. 

[ Fig . 15] Arm type positioning mechanism that supports the coil 
by a hinge structure. 

[Fig. 16] Side view of the C-ring-shaped iron-core coil 

[Description of Symbols] 

1-1 Coil 

1-2 Fixing ring 

1-3 Ring driving portion 

1- 4 Fixed handle 

2- 1 Coil 

2-2 Fixing ring 

2-3 Ring driving portion 

2- 4 Fixed handle 

3- 1 Coil 

3- 2 Magnetic substance 

4- 1 Coil 

4- 2 Magnetic substance 

5- 1 Coil 

5- 2 Magnetic substance 

6- 1 Coil 

6- 2 Magnetic substance 

7- 1 Iron-core coil 
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8- 1 Iron-core coil 

9- 1 C ring iron-core coil 
9-2 Spur gear 

9-3 Pinion gear 

9-4 Angle adjustment means 

9-5 Spur gears 

9-6 Pinion gear 

9-7 Driving means 

9-8 Spiral gear 

9-9 Pinion gear 

9-10 Pinion gear 

9-11 Worm & worm wheel 

9-12 Worm wheel 

9-13 Worm gear 

9- 14 Counter weight 

10- 1 C-ring-shaped iron-core coil 
10-2 Spur gear 

10-3 Pinion gear 
10-4 Counter weight 

10- 5 Spur gear 

11- 1 Yoke 
11-2 Coil 

11-3 Magnetic substance 
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11- 4 Fixing screw 

12- 1 Yoke 
12-2 Coil 

12-3 Magnetic substance 

12- 4 Fixing screw 

13- 1 Yoke 
13-2 Coil 

13-3 Fixing screw 

13-4 Magnetic substance 

13- 5 Handle 

14- 1 Yoke 
14-2 Coil 

14-3 Fixing screw 

14- 4 Magnetic substance 

15- 1 Yoke 
15-2 Coil 
15-3 Handle 
15-4 Worm 

15-5 Worm wheel 
15-6 Worm wheel 
15-7 Worm 
15-8 Handle 

L x Length of air gap where magnetic field is generated 
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L 2 Magnetic path length of C type yoke 

5 1 Sectional area of yoke 

5 2 Sectional area of air gap 
u Permeability of yoke 

i Electric current ratio 
N Number of turns of coil 



20 




Fig.11 



11-1 Yoke 

11-2 Coif 

1 11-4 Fixing screw 




11-3 Magnetic substance 



Fig.12 



12-4 Fixing screw 
J|_12-2 Coil 
ff/f^rtH2-1 Yoke 



-12-3 
Magnetic 
substance 



Fig.13 



13-1 Yoke 
13-2 Coil 

13-3 Fixing screw 

13-4 Magnetic substance 



£-13-5 Handle 




tvi Magnetic 
substance 



Fig.7 



7-1 Iron-core coil 





7-1 Iron-core coil 



Fig.14 



14-3 Fixing screw 

14-1 Yoke 
14-2 Coil 

14-4 Magnetic 

substance 




Fig.16 



Fig.8 



Fig.9 



Iron-core coil 




9-1 C ring iron-core coil 



9-2 Spur g 




9-10 

Pinion gear 



9-11 

Worm & worm 
wheel 



9-12 

Worm wheel 



9-14 Counter weight 



Fig.10 



Fig.15 



10-1 C-ring-shaped iron-core coil 



-5 Spur gear- 



la 



-10-2 Spur gear 



15-1 Yoke 

15-2 Coil 



-10-3 Pinion gear ^Handle 
•10-1 C-ring-shaped 



iron-core coil 



10-4 Counterweight 




15-3 Handle 



15-4 Worm 



15-5 Worm wheel 



15-6 Worm wheel 
15-7 Worm 



